Abstract-This paper presents a numerical investigation of the effect of variable viscosity and thermal conductivity on natural heat transfer of steady incompressible micro-polar fluid flow over a porous hot vertical plate with constant heat flux .Here the flow governing equations are trans -formed into ordinary differential equations and the resulting boundary value problems are solved numerically by using Runge-Kutta shooting method . The results are represented graphically to illustrate influence of the various physical parameters on the velocity profiles, micro-rotation profile and heat transfer profile.
I. INTRODUCTION
Eringen formulated the micro-polar fluid theory in 1960 [8] as an extension of the Navier-Stokes model of classical hydro-dynamics to facilitate the description of the fluids with complex molecules. It is a suitable form of non-Newtonian fluid model that can be used to analyse the behaviour of exotic lubricants, colloidal suspensions, polymeric fluids, liquid crystals, human and animal bloods, and so forth. The micro-polar fluids deals with a class of fluids which exhibits certain microscopic effects arising from the local structure and micro-motions of the fluid elements. These fluids contain dilute suspensions of rigid macromolecules with individual motions that support stress and body moments and are influenced by spin inertia.
In recent years, the dynamics of micro-polar fluids has been popular area of research because of its wide and increasing application in heat power engineering, chemical engineering in various branches of industry and agriculture. Researcher have focussed mainly on the heat transfer of micro-polar fluid flow. Ahmadi studied the fluid flow characteristic of boundary layer flow of a micro-polar fluid over a semi-infinite plate, using a Runge-Kutta shooting method with Newtonian iteration [1] .Hassanien and Gorla studied the mixed convection in stagnation flow of micro-polar fluid over a vertical surface with variable surface temperature and uniform surface heat flux [14] . Gorla et al. analysed the heat transfer characteristic of a micro-polar fluid over a flat plate [12] .Ezzat et al. studied some problems of micro-polar magneto -hydrodynamics boundary layer flow [9] . M. A. Ezzat studied about the free convection flow of conducting micro-polar fluid with thermal relaxation including heat sources applying the inversion of the Laplace transforms to carry out the numerical results [10] .Patowary G and Sut D.K. studied about the micor-polar fluid flow near the stag-nation on a vertical plate with prescribed wall heat flux [17] . Rebhi A. Damsehet. al studied about unsteady natural convection heat transfer of micro-polar fluid over a vertical surface with constant heat flux [19] .They found that the temperature increases inside the boundary layer for the micro-polar flow, as compared to Newtonian flows also increasing the vortex viscosity parameter increases the rotation inside the boundary layer and it has a property to increase the coefficient of friction and to decrease the local Nusselt number .Borthakur P.J and Hazarika G. C. have studied about the effect of variable viscosity and thermal conductivity on the flow heat transfer of a stretching surface in a rotating micro-polar fluid with suction and blowing [4] , boundary layer and heat transfer fluid near an axisymmetric stagnation point on a moving cylinder [5] . Borgohain B. and Hazarika G. C. studied about the effect of variable viscosity and thermal conductivity on the flow of a micropolar fluid bounded by stretching sheet [3] , stretching surface with suction and blowing in presence of a magnetic field [6] .
significantly with temperature and when the variable viscosity and thermal conduvicity are taken into account, the flow characteristic are substantially changed to the constant cases. Borah G and Hazarika G.C. has studied the effects of variable viscosity and thermal conductivity on steady laminar free convection flow of an electrically conducting Newtonian fluid along a porous hot vertical plate in presence of heat source/sink [2] .
Literature survey reveals that no research regarding to the effect of variable viscosity and thermal conductivity heat on steady free convection heat transfer of incompressible micro-polar fluid flow over a porous hot vertical plate with constant flux . This paper aims to investigate to the effect of variable viscosity and thermal conductivity on steady free convection heat transfer of incompressible micro-polar fluid flow over a porous hot vertical plate with constant flux .
Here the flow governing equations are transformed into ordinary differential equations and the resulting boundary value problems are solved numerically by using Runge-Kutta shooting method [7, 13, 20 ] II. MATHEMATICAL FORMULATION Let us consider the steady one-dimensional vertical flow of incompressible electrically conducting micropolar fluid past an infinite plane surface. The The momentum equation is :-
The angular momentum equation is =
The generalized energy equation is
Where µ= the dynamic viscosity, k= the vortex viscosity,  = the spin gradient viscosity, ρ= the density , j= the micro inertia density, λ=the thermal conductivity, β=the thermal expansion coefficient, g=acceleration due to gravity, B 0 = external magnetic field coefficient, S * =source/sink parameter, C p =specific heat at constant pressure, σ=magnetic permeability, T w * =temperature of the plate, T  =free stream temperature.
The boundary conditions are
Here n is a constant and 0<n<1 , [21] . The case n=0 is called strong concentration by Gram and Smith [11] , corresponds to the case where the particle density is sufficiently large so that microelements close to the wall are unable to rotate [15] . The case n=0.5 represents a weak representation of the micro-elements and vanishing of anti-symmetric part of the stress tensor [21] . The case n=1 .0 corresponds to the turbulent flow inside the boundary layer [18] .
Lai and Kulacki have assumed that viscosity and thermal conductivity of fluid to be an inverse linear relation of temperature [16] as ISSN: 2231-5373 http://www.ijmttjournal.org
Here µ oe =the viscosity at infinity, λ oe =the thermal conductivity at infinity, T oe =the fluid temperature at infinity and ˠ 1 and ˠ 2 are constants. Let us the following non-dimensional variables :-
And let us assume
Invoking the non-dimensional quantities above and using (6) in equations (1), (2), (3) and dropping the asterisks we get
where Pr = (Prandtl number ) , Gr = (Grashof number ) , M 2 = ( Hartmann number ) , E = (Eckert number ) and the following are dimensionless micro-polar parameters :-
The dashes denote differentiation w. r. t. ' ' , the dimensionless distance parameter. The boundary conditions on f, g and θ are
The skin friction coefficient C f , and the Nusselt number Nu of this problem are given by
III. METHOD OF SOLUTION To solve the boundary value problems (6)-(9) Runge-Kutta shooting method is applied. In this method the BVP are converted to initial value problems by estimating the missing initial values to a desired degree of accuracy by an iterative scheme. Hazarika [10] showed that through there is no guarantee of convergence of the iterative ISSN: 2231-5373 http://www.ijmttjournal.org
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scheme, if the initial guesses for the missing initial values are on opposite sides of the true values. The convergence is rapid and agrees well with other methods.
IV. RESULT AND DISCUSSION In this paper the system of differential equations governed by the respective boundary conditions are solved numerically by applying an efficient numerical technique based on the common Rung-Kutta shooting method. The whole numerical scheme can be programmed and applied easily. It is experienced that the convergence of the iteration process is quite rapid.
Using shooting method, the missing initial values viz. f'(0), g'(0) and Ө'(0) are estimated for various combination of parameters.
In Tables (1-2) , missing values of f'(0), g'(0) and Ө'(0) were found for different values of M and Ө e . It is observed that the missing values of f'(0), g'(0) and Ө'(0) decrease for M increases and increase for Ө e increases.
In Tables (3-4 ) we observed that missing values of f'(0), g'(0) and Ө'(0) decrease with the increasing values of both the parameters M and Ө r .
From Tables(5-7 ) it is seen that the missing values f'(0), g'(0) and Ө'(0) are increased for increasing values of R 1 and R 2 while that are decreased for increasing values of Ө r .
In Table 8 , it is observed that missing values f'(0), g'(0) and Ө'(0) are increased for R 2 increases and are decreased for Ө e increases.
The variation of angular velocity profiles are shown in Fig.1 and Fig.2 for different values of R 1 and R 2 respectively. In both cases, angular velocity decrease with increasing R 1 and R 2 . Fig.3 and Fig.4 represent temperature profiles for thermal conductivity variation parameter Ө r . In both the cases , temperature field decreases with increasing Ө r but not significantly. Fig. 5 represents temperature profiles for source/sink parameter S and it is seen that temperature profiles are decreased with increasing S.
In Fig. 6 we are observing that the effect of velocity profiles with the variation of micro-polar parameter R 1 . It is observed that the fluid velocity increases as R 1 increases.
From the Fig.7 and Fig.8 it is seen that velocity profiles are decreased with both the parameters S and Ө r increase.
In Fig.9 we study the effect of Ө e , the variable viscosity parameter , on velocity profile. The study reveals that the velocity profile increases with the increase of the variable viscosity parameter Ө e , but not significantly.
Figs. (10) (11) (12) illustrate the effects of the parameters Gr, µ 1 and M on the velocity profile and it is observed that the velocity profile increases with the increase of the parameters Gr, µ 1 and M. Estimated missing values of f'(0), g'(0) and Ө'(0) for various Ө e and Ө r =3.00, µ 1 =0.10, R 1 =0.25, R 2 =0.25, Gr=0.10, Pr=0.70, S=1, E=0.05, n=0.5 Table 5 : Estimated missing values of f'(0) ,g'(0) and Ө'(0) for various Ө r and Ө e =2.00, µ 1 =0.10, R 2 =0.25, Gr=0.10, M=0.25, Pr=0.70, S=1, E=0.05, n=0.5 Table 6 : Estimated missing values of f'(0), g'(0) and Ө'(0) for various Ө r and Ө e =2.00, µ 1 =0.10, R 2 =0.25, Gr=0.10, M=0.25, Pr=0.70, S=1, E=0.05, n=0.5 
f' V. CONCLUSIONS The analysis presented above has shown that the micro-polar fluid flow is influenced by the variation of the thermal conductivity parameter and the viscosity parameters. Therefore we can conclude that to predict more accurate results ,the variable viscosity and thermal conductivity effects have to be taken into consideration on heat and mass transfer due to non-Newtonian viscous fluid flow on free convection through porous medium with constant heat flux to avoid the spoilt of energy. The results discussed above can be applied to engineering and industrial problems to save energy and economical benefit.
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